Twenty-sixth annual report of the Power Affiliates Program. by Chapman, Patrick L. et al.
TWENTY -SIXTH ANNUAL REPORT 
OF THE 
POWER AFFILIATES PROGRAM 
University of Illinois at Urbana-Champaign 
Department of Electrical and Computer Engineering 
1406 W. Green St. 
Urbana, IL 61801 
PAP-TR 05-1 
May2005 
UILU-ENG-2005-250 1 
TABLE OF CONTENTS 
1. INTRODUCTION AND SUMMARY .............................................................................................. 1 
2. FINANCIAL STATEMENT ............................................................................................................. 2 
3. THE POWER PROGRAM WITHIN THE DEPARTMENT ............................................................ 3 
4. COURSES AND ENROLLMENT .................................................................................................... 5 
5. ACTIVITIES .................................................................................................................................... ll 
6. STUDENT PROJECTS ................................................................................................................... 18 
7. LAB ORA TORY FACILITIES ........................................................................................................ 66 
8. DIRECTORY .................. ; ................................................................................................................ 68 
9. REFERENCES AND PUBLICATIONS ......................................................................................... 74 
11 
FOREWORD 
This report provides a summary of the activities of the Power Affiliates Program (PAP) in the 
Department of Electrical and Computer engineering at the University of illinois for the calendar year 
2004. The information is intended to be a progress report to the affiliate companies listed below. The 
PAP is the foundation of the industrial liaison effort in the power and energy systems area. The 
active affiliates associated with the PAP are: 
Alliant Energy 
Ameren 
BPAmerica 
City Water, Light & Power, Springfield, IT.. 
Electrical Manufacturing & Coil Winding Association, Inc. 
Exelon 
MidAmerican Energy Company 
Patrick Engineering 
PowerWorld Corporation 
S&C Electric Company 
Sargent & Lundy Engineers 
2004 was an active year for the PAP and the highlights are covered in this report. We acknowledge 
the valuable support of the Affiliates and are most thankful to these companies for their continued 
support. 
iii 
Pete Sauer, Director 
Patrick Chapman 
George Gross 
Jonathan Kimball 
Phil Krein 
TomOverbye 
M.A. Pai 
1. INTRODUCTION AND SUMMARY 
The Power Affiliates Program (PAP) was initiated in January 1979 as part of a major effort to 
strengthen the power and energy systems area. The original objectives were to: 
• Maintain stimulating, meaningful and high quality undergraduate and graduate programs in 
electric power engineering. 
• Increase university-industrial interaction at all levels of education and research in electric 
power engineering. 
These objectives are as much valid today as they were in 1979. The multi-faceted activities in 2004 
under the PAP umbrella clearly were in support of these objectives. 
Throughout the past twenty-six years, the Power Affiliates Program has maintained a stable 
financial base during times of rapid change in the power industry. This base provided the seed money 
for research, which led to additional funding by other sources. This base has also made it possible for 
students to be exposed to industrial problems and to participate in technical and professional 
meetings. With the cyclical nature of funding by government agencies, the Power Affiliates Program 
is a critically important source of support. 
This annual report is organized as follows. The financial statement for the 2004 calendar 
year is given in Section 2. Section 3 describes how the power program fits into the departmental 
structure. There is no official degree or option associated with the Power Program, but there is a 
significant level of specialization which is possible in this area through a set of courses developed and 
offered by the group of faculty who constitute the Power and Energy Systems Area. Section 4 gives a 
brief description of the courses for specializing in electric power and tabulates the enrollment figures 
for the most recent offerings. Included in this section is a historical record of the number of graduates 
who have taken three or more of these courses. Section 5 lists the activities of both the students and 
the faculty members during the 2004 calendar year. Section 6 gives information about the graduate 
students in the power area. In addition to personal data and interests, each student has written a brief 
abstract of his or her research work. Laboratories and other facilities of the power area are discussed 
in Section 7. The report concludes with a directory in Section 8 and the ·list of 2004 publications is 
given in Section 9. 
2. FINANCIAL STATEMENT 
The following tabulation of income and expenditures for the calendar year 2004 was prepared 
from a detailed University statement as of December 31, 2004. 
Income carried over from the calendar year 2003 
Total income during calendar year 2004 * 
Total available income during calendar year 2004 
Expenditure 
Personnel and Services 
Materials/Supplies/Equipment 
Transportation!fravel 
Total expenditures 
Summary 
Amount of funds available during calendar year 2004 
Amount of expenses during calendar year 2004 
Balance as of December 31, 2004 
$ 17,092 
66,525 
$83,617 
Expenditure Amount 
$19,475 
14,405 
3.550 
$37,430 
$83,617 
37,430 
$46,187 
* This does not include funds that were received in 2004, but not posted on the university 
accounting system until2005. 
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3. THE POWER PROGRAM WITHIN THE DEPARTMENT 
Electrical engineering undergraduate students are required to complete 128 hours of course 
work for a B.S.E.E. degree. Detailed descriptions of the undergraduate program and suggested 
curriculum in Power are given in [1]. All M.S.E.E. students are required to complete a minimum of 
32 credit hours (old system was 8 units) including a graduate thesis. All Ph.D. students must qualify 
through a written examination and complete course and thesis requirements. A detailed description of 
the graduate program is given in [2]. 
The Electrical and Computer Engineering Department is subdivided into seven distinct 
technical areas as follows: 
Bioengineering, Acoustics and Magnetic Res. Engineering 
Circuits and Signal Processing 
Communications and Control 
Computer Engineering 
Electromagnetics, Optics and Remote Sensing 
Microelectronics and Quantum Electronics 
Power and Energy Systems 
While the Department does not have official degree-granting options in each of these areas, in 
practice, the seven areas serve as the appropriate grouping of the faculty activities and interest. In 
terms of size, the Power and Energy Systems area represents about 8% of the total active faculty and 
about 10% of the total student enrollment. The faculty committee in each area has the responsibility 
for administering courses and research in that area within the Department. 
The Power and Energy Systems Area Committee and associated faculty for the 2004 - 2005 
academic year together with their fields of interest are: 
P. Chapman 
G. Gross 
P. T. Krein 
T. J. Overbye 
M.A. Pai 
P. W. Sauer 
(machines, power electronics, circuits) 
(power system economics, planning and operations; reliability; electric 
regulatory policy; industry restructuring; market design) 
(power electronics, machines, electrostatics) 
(operations, visualization and restructuring of power systems) 
(dynamics, stability and computational methods in power systems 
(modeling and simulation of machines and power systems) 
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Two of the primary responsibilities of the Power and Energy Systems Area Committee are to 
improve, keep current and staff the courses assigned to the Power and Energy Systems Area. In 
2004-2005 those courses were 
ECE 307 (old ECE 271GG) Techniques for Engineering Decisions 
ECE 430 (old ECE 330) Power Circuits and Electromechanics 
ECE 431 (old ECE 333) Electric Machinery 
ECE432 (old ECE 336) Advanced Electric Machinery 
ECE464 (old ECE 364) Power Electronics 
ECE469 (old ECE 369) Power Electronics Laboratory 
ECE476 (old ECE 376) Power System Analysis 
ECE 477 (old ECE 378) Power System Operation & Control 
ECE498FEC (old ECE 371FEC) Future Energy Challenge 
ECE 530 (old ECE 598LS) Analysis Techniques for Large-Scale Electrical Systems 
ECE 568 (old ECE 468) Modeling and Control of Electromechanical Systems 
ECE 573 (old ECE 473) Power Systems Control 
ECE 576 (old ECE 476) Power System Dynamics and Stability 
ECE 588 (old ECE 488) Electricity Resource Planning 
ECE 590I (old ECE 490I) Seminar in Special Topics: Power Systems 
ECE 598PE (old ECE 497PE) Power Electronic Drives and Systems 
ECE 598PH (old ECE 497PH) Hybrid Systems Analysis of Power System Dynamics 
ECE 598TO (old ECE 497TO) Issues in Competitive Electricity Markets 
ECE 598PLC (new) Advanced Topics in Power Electronics 
The four-hundred level (old three-hundred level) courses are advanced undergraduate or beginning 
graduate courses, while the five hundred level (old four-hundred level) courses are graduate. The 
Power and Energy Systems Area Committee periodically evaluates each course outline for possible 
revision for future offerings. A brief description of each of these courses, together with the 
enrollment of the past year, is included in the next section. In addition, the Power Faculty supervises 
numerous student projects performed in ECE 445 (old ECE 345). This is the capstone design course 
for our seniors. 
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4. COURSES AND ENROLLMENT 
As one of seven major areas in Electrical and Computer Engineering, the Power and Energy 
Systems Area is responsible for the development and offering of a considerable number of courses. 
The current courses assigned to the power area are described briefly below. The total enrollment for 
courses offered in the academic year 2004-2005 is also given for each course. 
ECE 307 Techniques for Engineering Decisions 
This course is concerned with modeling of decisions and analysis of models to develop a systematic 
approach to making decisions. The focus is on the development of techniques for solving typical 
problems faced in making engineering decisions in industry and government. Topics include 
resource allocation, logistics, scheduling, sequential decision-making and explicit consideration of 
uncertainty in decisions. Extensive use of case studies gets students involved in real world decisions. 
The course has two required texts: Operations Research: Principles and Practice, A. Ravindran, D. T. 
Phillips and S. S. Solberg and Making Hard Decisions: An Introduction to Decision Analysis, R. T. 
Clemen. The total enrollment for the academic year 2004-2005 was 31. 
ECE 430 Power Circuits and Electromechanics 
ECE 430 is a course in power circuits and electromechanics. It is a new course after the restructuring 
of the undergraduate curriculum. The course starts with a review of phasors followed by three phase 
power circuits, mutual inductance, magnetic circuits and transformers. Electromechanical systems 
are analyzed using energy balance concepts. Introduction to synchronous, induction, de and small 
machines is given. The required text was Power Circuits and Electromechanics by M.A. Pai. The 
total enrollment for the academic year 2004-2005 was 93. 
ECE 431 Electric Machinery 
This four-hour course contains a laboratory one credit hour component, which is an elective in a list 
of 14 from which students select two. The fifteen experiments typically include power measurement, 
power factor correction, transformer characteristics, three-phase transformer connections, induction 
motor tests, induction motor torque-speed characteristics, synchronous machine tests, synchronous 
machine power characteristics, digital simulation of machine dynamics, motor control, and a written 
plus oral project presentation on power and energy system topics. The required text was Analysis of 
Electric Machinery, by P.L. Krause and 0. Wasynczuk, IEEE Press. The total enrollment for the 
academic year 2004-2005 was 38. 
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ECE 432 Advanced Electric Machinery 
This three-hour course contains advanced theory and analysis of rotating and linear machines and 
drives. It includes power electronic drives for de and ac motors. The analysis uses d-q 
transformations and related techniques. Emphasis is placed on the time scale modeling of 
electromechanical devices and on their function in drives. The required text was Analysis of Electric 
Machinery, by P.C. Krause and 0. Wasynczuk, IEEE Press. This class was not offered in the 2004-
2005 academic year. 
ECE 464 Power Electronics 
This three-hour course is a comprehensive treatment of switching power conversion systems and the 
devices used to build them. Concepts of switch control are developed from general switching 
functions. Phase control, pulse width modulation, and phase modulation are studied for applications 
in all types of converters. Converter topologies are introduced along with design concepts for power 
filters and interfaces. Devices such as diodes, thyristors, bipolar transistors, field effect transistors, 
capacitors, and magnetic components are examined in the context of high-power switching 
applications. The required text was Elements of Power Electronics by P. T. Krein. The total 
enrollment for the academic year 2004-2005 was 40. 
ECE 469 Power Electronics Laboratory 
This two-hour course is a laboratory study of circuits and devices used for switching power 
converters, solid-state motor drives, and power controllers, including de-de, ac-dc, and dc-ac 
converters and applications. It includes high-power measurements for silicon-controlled rectifiers, 
diodes, capacitors, power transistors and magnetic components. The course is designed to 
accompany ECE 364. A lab manual by P. Krein is used for the course. The total enrollment for the 
academic year 2004-2005 was 14. 
ECE 476 Power System Analysis 
This three-hour course is the first of two courses on power system analysis. Topics included are 
transmission line parameter calculations, equivalent circuits, network analysis, load flow, fault 
analysis, symmetrical components, unsymmetrical fault analysis, and introduction to economic 
dispatch. The course is designed to be a stand-alone introduction to the fundamentals of power 
system analysis and provide the basis for all subsequent courses in the power system analysis. The 
required text was Power System Analysis & Design, by Glover and Sarma. The total enrollment for 
the academic year 2004-2005 was 45 on-campus, 5 off-campus). 
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ECE 477 Power System Operation & Control 
This three-hour course is the second of two courses on power system analysis. Topics included are 
economic operation of power systems, optimal load flow concepts, automatic generation control, state 
estimation, classical transient stability, modeling for dynamic and transient stability, and d-e 
transmission. The recommended text is Power Generation, Operation and Control, 2nd edition, by 
Wood and Wollenberg. This class was not offered in the 2004-2005 academic year. 
ECE 498FEC Future Energy Challenge 
This three-hour course is a special topics course focusing on the Future Energy Challenge (FEC) 
student team competition. This competition is an international event sponsored by IEEE, the U.S. 
Department ofEnergy, the U.S. Department ofDefense, and other sponsors. Schools compete in two 
topic areas: a fuel-cell power processing topic and a motor system topic. Illinois is one of just 7 
schools selected, based on our proposal, to be part of the motor topic competition. The final events 
are in May after graduation. Approximately 25 students participated in this course for both semesters. 
Graduate Courses: 
ECE 530 Analysis Techniques for Large-Scale Electrical Systems 
This is a newly developed graduate course in the modeling of power systems in the steady state and 
dynamic regimes. It includes the analysis and simulation techniques for power and power electronic 
systems as well as computational issues in power systems and power electronics. Topics covered are: 
advanced power flow, sparsity techniques, power flow control, least squares and estimation 
applications averagi_ng techniques for power electronic systems, numerical integration of differential 
equations and Krylov subspace applications. The course uses the notes of George Gross in lieu of a 
text. The total enrollment for the academic year 2004-2005 was 8. 
ECE 568 Advanced Modeling and Control of Electromechanical Systems 
This course addresses issues of electrical drives in a modem control and circuit framework. Dynamic 
models of electric machines are presented. There is special emphasis on field-oriented control 
methods for ac motors. Power electronic systems for high-performance drives are studied. Nonlinear 
system methods such as periodic transformations, averaging, geometric control, and feedback 
linearization are presented. Special topics covered include electrostatic micromachines and 
permanent magnet machines. The required texts were Control of Electrical Drives, 2nd edition by W. 
Leonard and Analysis of Electric Machines, 2nd edition by P. Krause, 0. Wasynczuk and S. Sudhoff. 
This class was not offered in the 2004-2005 academic year. 
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ECE 573 Power Systems Control 
The course provides an overview of power system operations and control with major emphasis on 
security and economics. The role of the EMS (energy management system) and the principal EMS 
functions are discussed in depth. The major topics include: optimal power flows; economic dispatch 
problems; role of reactive power; resource scheduling and commitment; state estimation; 
observability; bad data Identification/detection, analysis and processing; electricity restructuring; 
competitive electricity markets; market design; congestion management; and, ancillary services. The 
two suggested texts are Power Generation. Operation and Control, 2nd edition by Wood and 
Wollenberg, and State Estimation in Electric Power Systems: A Generalized Approach by A. 
Monticelli, Kluwer Academic Publishers, Boston, 1999. This class was not offered in the 2004-2005 
academic year. 
ECE 576 of Power Systems Dynamics and Stability 
The course includes the dynamic representation of interconnected power systems - electrical plus 
mechanical, linearized dynamic models of multimachine systems, methods of coherency 
identification, order reduction by singular perturbation, time scale decomposition and aggregation 
techniques, dynamic equivalents, direct methods of stability analysis and power system stabilizer 
design. The required text was Power Systems Dynamics and Stability by P. W. Sauer and M.A. Pai. 
The total enrollment for the academic year 2004-2005 was 18. 
ECE 588 Electricity Resource Planning 
This course provides coverage of the basic techniques in electricity resource planning including 
m~thodologies for reliability evaluation and assessment, production costing, marginal costing, supply-
side and demand-side planning and integrated resource planning. Throughout the course, 
probabilistic approaches are emphasized. In place of a text, notes specifically prepared by George 
Gross are used. The total enrollment for the academic year 2004-2005 was 9. 
ECE 5901 Seminar in Special Topics: Power Systems 
This course is a graduate seminar on advanced topics of current interest. Both faculty and students 
participate by presenting either current research results or topics of interest in journal publications. 
Guest speakers from industry and other universities are also scheduled periodically throughout the 
semester. Approximately 32 students participated in this course for both semesters. 
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ECE 598PE Power Electronic Devices and Systems 
This advanced course in power electronics considers the unique devices and models used for 
switching energy conversion systems. Emerging nonlinear approaches to operation and control are 
discussed. Design issues for fast dynamic converters are presented. The goal of the course is to 
provide students with a rich background in the broad issues of high-performance power electronics at 
the graduate level. Specific topics include magnetic device design, power semiconductor device 
models, interfaces and gate drives, small-signal and large-signal converter control models. Averaging 
methods are presented for power converters. Concepts and methods of geometric control are 
addressed. The required text is Elements of Power Electronics by P.T. Krein. This class was not 
offered in the 2004-2005 academic year. 
ECE 598PH Hybrid Systems Analysis of Power System Dynamics 
The purpose of the course is to present a new approach to the analysis of large scale complex 
networks, such as power systems, by viewing them as interconnections of dynamic devices, discrete 
devices and algebraic constraints. Such hybrid systems can display very interesting forms of 
behavior. Trajectory sensitivity analysis used as a tool for security monitoring, stability analysis and 
model verification~ Aspects of hybrid system control are presented. This class was not offered in the 
2004-2005 academic year. 
ECE 598TO Issues in Competitive Electricity Markets 
This course provides an introduction to competitive electricity markets. The course covers topics 
including market structures and paradigms, transmission services, transmission congestion 
management, allocation of real power losses, optimal bidding strategies, and market power analysis. 
This class was not offered in the 2004-2005 academic year. 
ECE 598PLC Advanced Topics in Power Electronics 
This course extends the topics of the undergraduate power electronics course. The goal is provide the 
students with a theoretical basis for advanced research in power electronics. Device and converter 
modeling are studied in detail. Analog and digital pulse width modulation methods are explored. 
Averaging and nonlinear control theory relevant to power electronics is studied. The course includes 
a large-team design project that requires the students to draw from current literature. The total 
enrollment for the academic year 2004-2005 was 20. 
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NUMBER OF ELECTRIC POWER AND ENERGY SYSTEM AREA GRADUATES 
IN RECENT YEARS 
1950-1970 Annual Average Power Area Graduates 
B.S.E.E. 25 
M.S.E.E. 3 
1970-1980 Annual Average Power Area Graduates 
B.S.E.E. 44 
M.S.E.E. 7 
1980-1990 Annual Average Power Area Graduates 
B.S.E.E. 32 
M.S.E.E. 5 
Ph.D. 2 
1990-1995 AnnuaJ Average Power Area Graduat~s 
B.S.E.E. 40 
M.S.E.E. 6 
Ph.D. 2 
1995-2000 Annual Average Power Area Graduates 
B.S.E.E. 35 
M.S.E.E. 9 
Ph.D. 3 
2000-2005 Annual Average Power Area Graduates 
B.S.E.E. 40 
M.S.E.E. 8 
Ph.D. 3 
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5. ACTIVITIES 
The faculty and students in the Power and Energy Systems Area participated in a considerable 
number of special activities during the calendar year 2004. The major events are listed below: 
January 
• Hawaiian International Conference on System Science 2004, Waikoloa, ill 
Pete Sauer chaired a session 
Tom Overbye presented a paper 
• Pete Sauer presented a paper in Bangkok, Thailand at the Conference on "Electric Supply 
Industry in Transition: Issues and Prospects for Asia". 
• Philip Krein attended the IEEE Technical Activities Board strategic planning meeting in 
Newark, NJ 
• Patrick Chapman participated in the USDA panel for SBIR proposals in Washington, DC 
• George Gross presented talks to National Energy Commission of Chile in Santiago, Chile and 
to the engineering faculty of the University of Buenos Aires, Argentina 
• Pete Sauer attended the IEEE/PES TCPC meeting in Chicago, IL and the DOE/CERTS 
program review in Washington, DC 
February 
• Pete Sauer presented a tutorial on power systems to congressional staff in Washington, DC 
• Philip Krein attended the IEEE Board of Directors meetings in Savannah, GA 
• Tom Overbye gave a presentation to IEEE in Rockford, IL 
• Philip Krein and Patrick Chapman attended the IEEE Applied Power Electronics Conference 
and the IEEE Power Electronics Society Administrative Committee meeting in Anaheim, CA 
• Pete Sauer participated in PSERC Executive Committee retreat in Austin, TX 
• Philip Krein discussed university industry collaboration possibilities with Bitrode, Inc. in 
Fenton, MO 
• Philip Krein participated in research discussions at Advanced Analogic Technologies in San 
Jose, CA 
March 
• Pete Sauer visited the Midwest Independent System Operator about UIUC and research in 
Carmel, IN 
• George Gross gave an invited lecture in Purdue University's Pioneers in Energy lecture series 
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• Tom Overbye gave a presentation at the University of Minnesota IMA workshop in 
Minneapolis, MN 
April 
• Philip Krein participated in NSF Center for Power Electronics System site visit and review 
team in Blacksburg, VA 
• Philip Krein participated in IEEE Panel ofEditors Meeting in Washington, DC 
• IEEE Hydrogen Economy workshop in Washington, DC 
Tom Overbye attended 
Philip Krein chaired a session 
Patrick Chapman attended 
• Tom Overbye gave a presentation at Georgia Tech's Fault and Disturbance Analysis 
conference in Atlanta, GA 
May 
• Pete Sauer and Tom Overbye participated in the PSERC lAB meeting at Carnegie Mellon 
University in Pittsburgh, P A 
• Tom Overbye had a guest appearance on WL VP "At Issue" TV show in Peoria, IL to discuss 
power system restructuring in Illinois 
• Philip Krein participated in an NSF review panel in Washington, DC 
• Pai met with colleagues at Iowa State University in Ames, IA 
June 
• George Gross and Pete Sauer were the guests on WILL-AM radio's Focus 580 
• Philip Krein presented an interim technology assessment on fuel cell vehicle power 
electronics at the National Transportation Research Center in Oak Ridge, TN 
• Philip Krein attended the IEEE Board of Directors meeting series in Kansas City, MO 
• IEEE Power Electronics Specialists conference in Aachen, Germany 
Philip Krein attended, chaired a session and attended committee meetings 
Patrick Chapman attended and chaired a session 
• IEEE PES general meeting in Denver, CO 
Tom Overbye attended 
George Gross chaired a session, taught a tutorial, was a panel organizer and made 
presentations 
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• George Gross directed the Transmission Business School offered under the sponsorship of 
UIUC CIBER in Chicago, IL; George Gross and Tom Overbye served on the School faculty 
• George Gross was named a Distinguished Lecturer in the IEEE Power Engineering Society's 
Distinguished Lecturer Program and was invited to visit the national IEEE chapters in Russia, 
Romania and Hungary; George Gross gave a series of presentations on transmission and 
congestion management in Irkutsk and Moscow, Russia; Bucharest, Romania and Budapest, 
Hungary 
July 
• Philip Krein and Patrick Chapman gave a presentation at an NSF EPNES review meeting in 
Mayaguez, Puerto Rico 
• Hosted Scott Rose, Tom Robinson, and Ed Byrns of the Citadel Group and discussed possible 
collaboration opportunities 
August 
• Pete Sauer and Tom Overbye attended the North American Power Symposium in Moscow, 
Idaho. 
• Pete Sauer attended the NAE Gordon Prize meeting in Washington, DC 
• IREP 2004 Symposium in Cortina, Italy 
Pete Sauer attended and presented a paper and chaired a session 
George Gross gave a presentation and chaired sessions; he also met with colleagues at the 
University of Pavia and the University of Genova 
• Philip Krein presented a final report on fuel cell vehicle power electronics assessment to U.S. 
Dept. of Energy in Washington, DC 
• PSERC Planning Meeting in Monterey, CA 
September 
Pete Sauer, Tom Overbye, and George Gross attended 
George Gross gave a presentation on the reliability research project he leads and met with 
colleagues at the University of California at Berkeley, CA; he was the organizer of the 
meeting 
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• George Gross was invited to be the keynote speaker at the 2004 Australasian Universities 
Power Engineering Conference (AUPEC) in Brisbane, Australia; he also presented an invited 
lecture at the Centre for Energy and Environmental Markets, University ofNew South Wales, 
Kensington and met with colleagues 
• Pete Sauer took students to the EMCW A Expo and Conference in Indianapolis, IN 
• Philip Krein and Patrick Chapman attended the International Telecommunications Energy 
Conference and committee meetings of the IEEE Power Electronics Society in Chicago, IL 
• Patrick Chapman attended Digital Power Forum in San Jose, CA 
• Tom Overbye discussed power system analysis and visualization with BP A in Portland, OR 
• Patrick Chapman attended NSF Panel for REU Proposals in Washington, DC 
• Tom Overbye discussed power system visualization with PJM in Valley Forge, PA 
October 
• George Gross had an invited paper in the IERE General Meeting and Central & Eastern 
European Forum in Krakow, Poland 
• Pete Sauer attended the NAB Peer Committee and Annual Meeting in Washington, DC 
• IEEE Industry Applications Society Annual Meeting in Seattle, W A 
- Philip Krein attended a Future Energy Challenge Workshop and chaired a CEME network 
meeting 
Jonathan Kimball attended 
• George Gross participated in the NSF Seams Issues Workshop and gave an invited talk in 
Washington, DC 
• Philip Krein attended IEEE Instrumentation and Measurement Society Adcom meeting in Ft. 
Lauderdale, FL 
• Pete Sauer accepted an outstanding electrical and computer engineer award from Purdue 
University in West Lafayette, IN 
• Patrick Chapman attended a kickoff meeting with INI Power Systems in Cary, NC 
• Philip Krein attended IEEE Region 4 meeting in Chicago, IL 
• IEEE Power Systems Conference and Exposition in New York, NY 
Tom Overbye presented paper and chaired a session 
Pete Sauer chaired a committee meeting 
George Gross participated in various committee meetings 
• Philip Krein attended the IEEE Dielectrics & Insulation Society Adcom meeting. 
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• Philip Krein presented a seminar on long-term power sources at University of Colorado in 
Boulder, CO 
• Philip Krein presented a short course on power conditioning at the DOE fuel cell seminar in 
San Antonio, TX 
November 
• Pete Sauer visited Midwest Independent System Operator (MISO) in Carmel, IN 
• Philip Krein attended the IEEE Board of Directors meeting series in San Antonio, TX 
• George Gross was the co-organizer and a participant in the PSERC ISO Research Forum in 
Rosemont, IL; he also chaired a discussion session. Pete Sauer also attended. 
December 
• PSERC Industrial Advisory Board Meeting in Berkeley, CA 
Pete Sauer chaired PSERC lAB meeting and discussed research 
Tom Overbye and George Gross also attended 
• Pete Sauer attended EMCW A planning meeting in Nashville, 1N 
• Philip Krein presented a seminar and keynote address at the India International Conference 
on Power Electronics in Mumbai, India 
• Patrick Chapman attended a luncheon with Sargent & Lundy executives in Chicago, IL 
• Philip Krein gave a presentation on power electronics for biomedical applications at the 
University of California at Santa Barbara, CA 
During the 2004 calendar year, the power area group hosted the following guest speakers: 
Javier Contreras Sanz, Universidad de Castilla de-La Mancha, Ciudad Real, Spain, "The 
Application of Game Theoretic Concepts to Electricity Markets," January 
Ian Dobson, University of Wisconsin-Madison, Benjamin Carreras, Oak Ridge National 
Laboratory, "Blackout Risk, Cascading Failure and Complex Systems Dynamics," February 
Steven Pekarek, Purdue University, "A Microscopic Investigation of Force Generation in a 
Permanent Magnet Synchronous Machine," February 
Annette von Jouanne, Oregon State University, Corvallis, OR, "Energy Systems Research at 
Oregon State University," March 
G. Sheble, Professor of Electrical and Computer Engineering, Iowa State University, Ames, 
lA, "Modeling Electric Market Dynamics and Generation Company Decisions with DESS," 
March 
Roy Rasmussen and Eric Cunningham, Hamilton Sundstrand, Rockford, IL, "Aerospace 
Power Generation," March 
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Seth Sanders, Artin Der Minnassian, and Konrad Aschenbach, University of California, 
Berkeley, "Low-Cost Distributed Solar-Thermal-Electric Power Generation," April 
Hugo Rodriquez, Northeastern University, "Model-Based Broken Rotor Bar Detection on 
IFOC Driven Induction Motors," April 
L.H. Tsoukalas, School of Nuclear Engineering, Purdue University, "Energy Worries: 
Hubbert's Peak and a New World Energy Crisis," April 
A.P. Sakis Meliopoulos, Georgia Tech, "Role of GPS Synchronized Measurements in Power 
System Visibility," April 
S.D.Pekarek, Universityof Missouri-Rolla, "Analysis and Design of Automotive Charging 
Systems," May 
Bernie Lesieutre, Lawrence Berkeley National Lab, "Identification of Market Power in 
Electricity Markets," May· 
-. 
Paul McCoy, Executive Vice President, Trans-Elect, "Electric Transmission: The New "IN" 
Business," October 
During the 2004 calendar year, the power faculty and students presented the following seminars to 
our local audiences: 
Patrick Chapman, "Energy Source Diversification," February 
Teoman Giiler, "Market Monitoring Framework," February 
Guoliang Zhang, "Sensitivity Analysis and On-Line Measurement of Parameters of Indirect 
Field-Oriented Vector-Controlled Induction Machines," February 
Sean Meyn, "Dynamics of Ancillary Service Prices in Power Networks," February 
Pablo Ruiz, "A Proposed Design for a Short-Term Resource Adequacy Program," February 
Vaibhav Donde, "Guaranteeing Dynamic Performance in Nonlinear Non-Smooth Systems," 
March 
Veronica Bosquez, "Transmission Expansion Challenges," April 
Nick Benavides, "Multiple-Input Flyback Converters: Analysis and Modeling," August 
Matt Davis, "Index ofCascadeability Using LinearContingency Analysis," September 
Xin Geng, "A New Look at the Sampling Issues in Power Convertion Systems," September 
Leonardo Rezende, "Application of Auction Theory to Design Incentives for Transmission 
Investment," October 
Philip Krein, "The Power of Forever: Managing the Ultimate in Long-Term Energy Needs of 
Spacecraft and other Remote Systems," October 
Robert Balog, "Direct Current The Future for the Last Mile of Electrical Distribution?," 
November 
Sang Ha Gang, "Technical and Financial Challenges in Reactive Power Management," 
November · 
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Joseph Euzebe Tate, "A Comparison of the Optimal Multiplier in Polar and Rectangular 
Coordinates," November 
Grant Pitel, "Performance and Cycle Life Analysis of Lithium Ion Batteries," December 
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6. STUDENT PROJECTS 
This section of the report contains information on the graduate students whose major research efforts 
were supervised by faculty in the Power and Energy Systems Area. While not all of these. students 
received financial aid from the Power Affiliates Program in terms of Research Assistantships, they 
were all associated with the program through the active involvement of their respective advisors. 
Those students supported by the Power Af~liates Program received maximum one-half time Research 
Assistantships for 11 months. The results of each student's work will be made available to all affiliate 
companies in the form of technical reports. The following students were associated with the Power 
and Energy Systems Area and their work is described in the following pages: 
Amrhein, Marco (Ph.D.) 
Anders, Shaun (M.S.) 
Balog, Rob (Ph.D.) 
Benavides, Nicholas (Ph.D.) 
Bhandiwad, Pavan (M.S.) 
Bosquez, Veronica (Ph.D.) 
Byoun, Jaesoo (Ph.D.) 
Chen, Daisy (M.S.) 
Cheng, Xu (Ph.D.) 
Chieh, Jeffrey (M.S.) 
Davis, Charles M. (M.S.) 
Dobbs, Bryan (Ph.D.) 
Donde, Vaibhav (Ph.D.) 
Esram, Trishan (M.S.) 
Flowers, Michael (M.S.) 
Gang, SangHa (M.S.) 
Geng, Xin (Ph.D.) 
Green, Brian (M.S.) 
Giller, Teoman (Ph.D.) 
Hwang, Ben (M.S.) 
Krawcyk, Trevor (M.S.) 
Kwasinski, Alexis (Ph.D.) 
Liu, Minghai (Ph.D.) 
Liu, Shanshan (Ph.D.) 
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Louie, Henry (M.S.) 
Meinhart, Matt (M.S.) 
Mossoba, Joseph (Ph.D.) 
Musunuri, Surya (M.S.) 
Nee, Brett (Ph.D.} 
Niu, Penglin (M.S.) 
O'Connell, Timothy (M.S.) 
Pitel, Grant (M.S.) 
Qu, Liyan (Ph.D.) 
Raczkowski, Brian (M.S.) 
Ray, Sheila (M.S.) 
Ruiz, Pablo (M.S.) 
Savageau, David (M.S.) 
Sierra, Vilma (M.S.) 
Smith, Jeremiah (M.S.) 
Sorchini, Zakdy (Ph.D.) 
Sun, Yan (Ph.D.) 
Tate, Zeb (M.S.) 
Weaver, Wayne (Ph.D.) 
Wells, Jason (Ph.D.) 
Westendorf, Becky (M.S.) 
Yeu, Rodney (M.S.) 
Zhang, Guoliang (Ph.D.) 
Date ofBirth: 
Place ofBirth: 
B.S.: 
M.S.: 
Status: 
Marco Amrhein 
October, 13. 1977 
Uzwil, Switzerland 
December 2000, Zurich University of Applied Sciences, Winterthur, 
Switzerland 
November 2003, University of Illinois at Urbana-Champaign 
Working towards Ph.D. at UIUC 
Marco Amrhein with advisor Philip T. Krein 
Design of Small Inverter-Fed Induction Motors 
Supported by the Power Affiliates Program and Grainger CEME 
Induction machine design solutions for different motor applications and motor characteristics are well 
known, and standardization of those solutions is common in manufacturing. New innovations in 
induction machine design are rare. Nearly all induction machines built today are based on previously 
designed machines, carrying on the constraints imposed on that machine. Although new technologies 
and materials are utilized, the basic concept of the machine design did not change in recent years. 
However, with power electronics inverters, some constraints do not apply anymore. This project 
investigates the choices made in the early stage of designing an induction machine. Fundamental 
design parameters such as number of phases, operating frequency, and number of poles, as well as 
geometrical parameters will be addressed. The goal is to derive new design rules for small induction 
machines dedicated for inverter applications. 
Re-Rating of Induction Machines for Traction Applications 
Supported by Grainger CEME 
Electrical machines used in traction applications are often chosen such that their rated power matches 
the power needed in the application. However, a machine is capable of producing a certain torque at 
various speeds. The motor speed is mostly constraint by mechanical limits, which are larger than the 
nominal motor speed. Running the machine at a higher frequency at nominal torque increases the 
output power of a machine. By keeping the ratio of voltage to frequency constant, the nominal load 
current stays approximately constant for most frequencies. This leads to an increase in efficiency, as 
the losses do not increase at the same rate as the output power does. Thus, smaller motors can be 
used to provide large traction power by simply spinning them faster. Tests with several induction 
machines are conducted to prove this simple theory. 
Dynamic Simulation for Analysis of Hybrid Electric Vehicle System Interactions 
Supported by the US Department of Energy 
Hybrid electric vehicles (HEV) simulators, used to design and analyze the performance of different 
components in hybrid cars, utilize steady-state models. However, in order to analyze designs in 
detail, dynamic simulations are necessary. Accurate information of peak and steady-state values of 
currents, voltages and losses in power electronics devices can only be obtained from dynamic models. 
Other effects such as rapid discharging of storage elements (batteries and capacitors) can be observed 
as well. The main project goal was to develop a dynamic model of a series HEV with various 
components, and to show that dynamic simulations could be used for the analysis of sub-system 
components, which would not be considered in a steady-state model. 
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Shaun Anders 
Date ofBirth: February 4, 1980 
Place of Birth: Morgan Co., Illinois 
B.S.: May 2002, University of Illinois at Urbana-Champaign 
M.S.: August 2004, University of Illinois at Urbana-Champaign 
Status: Working for TV A 
Professional Interests: Power quality, power system design and maintenance, reactive power and 
transmission line loadability issues. 
Transmission Line Loadability and System Reactive Power Requirements 
Shaun Anders with advisor Peter Sauer 
Supported by the Grainger Endowments 
ABSTRACT 
Electric transmission infrastructure in the United States is increasingly burdened by bulk power 
transfers. The system is being utilized at levels beyond those originally envisioned by the designers, 
with no decrease in demand in sight. Thus, there is great desire to find new ways to transfer even 
more power over existing lines. This project is examining the system requirements for reactive power 
support in power transfers and quantifying the impact of this support on transfer capabilities. 
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Date of Birth: 
Place ofBirth: 
B.S.: 
M.S.: 
Status: 
RobertS. Balog Jr. 
September 18, 197 4 
Edison, New Jersey 
1996, Rutgers University 
May 2002, University of Illinois at Urbana-Champaign 
Working towards Ph.D. at UIUC 
Professional Interests: Sustainable energy resources, visual environment controls, building/home 
automation. 
Professional Registration: Professional Engineer, Illinois 
RobertS. Balog with advisor P. T. Krein 
Supported by Grainger CEME 
Distributed Controls in a Distributed DC Power System 
Distributed de bus architectures have already become the standard for power distribution in naval 
ships and telecomm applications. With the proliferation of low-voltage I low power de loads, de 
systems are likely to be used in future commercial and residential buildings. With this paradigm 
change from ac to de distribution also comes the desire to more closely monitor and control 
individual loads. Further, in a power constrained environment such as due to a black-out for a 
building or a torpedo strike for a submarine, the load can be utilized as an energy asset. The focus of 
this research is on distributed control techniques for each Point Of Load (POL) converter that act 
locally but in an orchestrated manner to ensure reliable system operation without necessarily relying 
on a central controller. It is expected that information contained in the bus voltage level, rate of 
change, and ripple component and measured at the POL converter can provide control information 
about the state of health of the entire bus. To test these algorithms, a number of POL converters and 
controls are being designed and built to create a distributed de system. 
Coupled Magnetic Applications of Ripple Correlation Control 
Filters based on coupled inductors are promising for use in energy conversion applications, because 
they allow noisy waveforms to be "steered" into filter circuit elements. Our previous work enhanced 
coupled filters through an automatic tuning process that allows peaks or notches in filter 
characteristics to follow circuit characteristics such as switching frequency or specific noise 
frequencies. The result is a powerful stand-alone filter that has been verified both in simulation and 
in hardware. A number of papers have been published on these techniques. Present work involves 
applications of auto-tuning coupled inductor filters in a distributed DC power system. 
Modular power electronics lab 
Power electronics is a subject taught best by laboratory work in conjunction with formal lecture. 
However, the drawback is that considerable background is needed in the subject before even the 
simplest concepts can be demonstrated on the bench. In the past two years the undergraduate 
instructional laboratory has been equipped with a number of flexible modules that allow the students 
to quickly explore various fundamental topologies in de to de, de to ac, ac to ac, and ac to de 
converters without having to worry about the control or isolated gate drive support circuitry. One 
example is a re-designed FET box consisting of two fully isolated FET devices and flexible controls 
that allows numerous one and two switch topologies to be studied. A paper was presented at the 2003 
Power Electronics Specialist Conference (PESC) highlighting our improvements in undergraduate 
power electronics instruction. In addition, a manuscript for the IEEE Transactions on Power 
Electronics is being prepared that will include all of the new improvements and upgrades. 
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Date of Birth: 
Place of Birth: 
B.S.: 
M.S.: 
Status: 
Nicholas D. Benavides 
August 17, 1981 
St. Louis, Missouri 
May 2003, University ofMissouri- Rolla 
December 2004, University of Illinois, Urbana-Champaign 
Working towards Ph.D. at UIUC 
Professional Interests: Power Electronics, Electric Machinery, Alternative Energy Sources 
Multiple Input Flyback Converter Characterization and Control 
Nicholas Benavides with advisor P. L. Chapman 
ABSTRACT 
A flyback converter with a single input winding on the transformer can be used to supply a single or 
multiple loads from multiple sources. These sources could be solar, fuel cells, batteries, or any de 
energy source. An output can be used to provide energy back to a source if needed, allowing 
bidirectional power flow. Similar converters have required more passive components, or multiple 
input windings. The single input winding reduces the cost and size of the transformer. 
Characterization of this topology, analytically and through simulation, has been verified against 
experimental data. A design process was being to aid in building converters to meet specifications 
needed in a particular application. A basic control scheme has been implemented to direct the flow of 
power from a rectified line source and solar array while maintaining a desired output voltage. 
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Pavao Bhandiwad 
Date ofBirth: March 26, 1982 
Place of Birth: Rolling Meadows, IL 
B.S.: May 2003, University of Illinois at Urbana-Champaign 
M.S.: August 2004, University of Illinois at Urbana-Champaign 
Status: Working in industry 
Professional Interests: Power system dynamics and stability, energy markets, and control systems. 
Stability Studies in a Multi-machine Power System with TCSC 
Pavan Bhandiwad with advisor M. A. Pai 
Supported by the National Science Foundation 
ABSTRACT 
Due to the ever-increasing demand for electrical power, better utilization of the existing transmission 
system is needed. Flexible ac transmission system (FACTS) devices present an effective solution to 
this problem. There are a number of such devices in use in industry. One such device we study is the 
TCSC (thyristor controlled series capacitor) which can be used to improve transfer capability. Its 
influence on transient stability as well as small scale stability will be investigated in this work. 
Specifically we will use the tool of trajectory sensitivity analysis (TSA) to find critical firing angle for 
a given load profile. The TSA approach will also be used for computing the stable operating range of 
operation of the system as well as the optimal location ofTCSC in multi-machine power systems. 
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Date ofBirth: 
Place ofBirth: 
B.S.: 
M.S.: 
Status: 
Veronica R. Bosquez 
September 16, 1977 
Panama, Panama 
March 1999, Unversidad Tecnologica de Panama 
December 2003, University of Arizona. 
Graduate student at UIUC 
Incentives for Investment in Transmission 
Veronica Bosquez with advisor George Gross 
ABSTRACT 
Fully competitive electricity markets require the availability of an efficient and reliable transmission 
system. Numerous statistics show that the investments in the transmission system have fallen far 
short of the growth on the demand and the increased number and type of requests for transmission 
service. Moreover, the level of investment in the grid has been steadily decreasing in the last thirty 
years and the trend seems to persist. However, despite the growing awareness, no stimuli for the 
improvement of the transmission grid appear in the horizon. This project focuses in the development 
of financial incentives for encouraging transmission investment. 
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Jaesoo Byoun 
Date ofBirth: June 16, 1972 
Place of Birth: Seoul, South Korea 
B.S.: October 1999, Soongsil University at Seoul, South Korea 
M.S.: August 2002, Purdue University 
Status: Working towards Ph.D. at UIUC 
Professional Interests: Power Electronics, Automatic Control, Low _Power Electronics, 
Power IC, Microcontroller Architecture, Portable Power Management 
System, Digital Control Analysis in Power Electronics. 
Multi-Input Multi-Output Portable Power Management Architecture by Using 
Digital Phase Modulation 
Jaesoo Byoun with advisor Prof. Patrick Chapman 
Supported by Grainger Endowments 
ABSTRACT 
A power management architecture using digital phase control is proposed to maximize the advantages 
of digital control in the low-voltage power electronics field. Digital phase control is used to stabilize 
the feedback loop without the current sensor from the full load to the no-load conditions. The 
architecture also has multi-input multi-out functionality and sets not only the sequence of on-and-off 
of the de-to-de converters but also the device switching signal. The proposed architecture will be fully 
verified with the AMIS 0.5 m CMOS Process. 
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Daisy Chen 
Date ofBirth: November 25, 1982 
Place ofBirth: Chicago, Illinois 
B.S.: May 2004, University of Illinois at Urbana-Champaign 
Status: Working towards M.S.E.E. at UIUC 
Professional Interests: Power electronics. 
Passive Components for On-Chip DC-DC Power Converters 
Daisy Chen with advisor Prof. Patrick L. Chapman 
Supported by the Grainger CEME 
ABSTRACT 
On-chip DC-DC power converters on electronic devices may provide better performance than off-
chip DC-DC power converters. To develop on-chip DC-DC power converters, components need to 
be integrated onto silicon chips, especially passive components. This research will focus on the 
development of an integrated hybrid inductor-capacitor on a silicon chip that can be used in an on-
chip converter. 
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Date ofBirth: 
Place of Birth: 
B.S.: 
M.S.: 
Status: 
Professional Interests: 
Xu Cheng 
January 28, 1977 
Yangzhou, P .R.China 
July, 1999, Tsinghua University, Beijing, P.R.China 
June, 2001, Tsinghua University, Beijing, P.R.China 
Working towards Ph.D. at UIUC 
Power Market Analysis, Power Market Modeling and Pricing 
Slack-independent LMP decomposition 
Xu Cheng with advisor T.J. Overbye 
Supported by Grainger Endowments 
ABSTRACT 
The purpose of the study is to propose a slack-independent model for LMP decomposition. A new 
LMP decomposition model using AC OPF model is proposed to overcome the slack-dependent 
disadvantage · of the conventional ones. The actual effect of marginal variation of generator with 
respect to load variation is studied as the basis of the decomposition model. Theoretical derivation 
and proof are given. The new model achieves a set of reference energy price independent results. A 
tutorial example is presented to compare the new model and the conventional one. 
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Date ofBirth: 
Place ofBirth: 
B.S.: 
Status: 
December 14, 1981 
RedBank,NJ 
Jeffrey Chieh 
May 2004, University of Illinois at Urbana-Champaign 
Working towards M.S.E.E. at UIUC 
Quantification of reactive power margins in power systems 
Jeffrey Chieh with advisor P. W. Sauer 
Supported by Grainger Endowments 
ABSTRACT 
This project is examining the various possible candidate reactive power margins to indicate closeness 
to voltage collapse or low voltage conditions. It is currently focusing on generation reactive power 
capabilities as a function of real power dispatch and load levels. 
28 
Date of Birth: 
Place ofBirth: 
B.S.: 
Status: 
May 6, 1980 
Hot Springs, AR 
Charles M. Davis 
May 2002, Louisiana Tech University 
Working towards M.S.E.E. at UIUC 
Professional Interests: Power system analysis, power system security, and computational methods. 
Index of Cascadability Using Linear Contingency Evaluation 
C. M. Davis with advisor T. J. Overbye 
Supported by the Grainger Endowments 
ABSTRACT 
Contingency analysis is used to gauge the security of the system. System operators are in need of 
good measures of system securitY. This research investigates a new measure of system security 
· based on a cascading outage scenario. An index is calculated based on the simulation of a 
cascading outage using a simplified system model. Outages are modeled using multiple line 
outage distribution factors to approximate the effect of line outages. In order for the index to be 
useful, the simulated cascade must be reasonably accurate. To verify this, the accuracy of the 
multiple line outage distribution factors is evaluated under varying load conditions for several test 
cases. The proposed index is calculated for several test systems. 
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Bryan Gary Dobbs 
Date ofBirth: March 7, 1980 
Place ofBirth: Schaumburg, IL 
B.S.: May 2002, Valparaiso University 
M.S.: December 2003, University of Illinois 
Status: Working towards Ph.D. at UIUC 
Professional Interests: Power Electronics, Power Systems, and Controls. 
Multi-Resolution Switched System Modeling 
Bryan Dobbs with advisor Patrick L. Chapman 
Supported by the National Science Foundation and 
Office ofNaval Research EPNES program ECS-02-24829 
ABSTRACT 
Current simulation packages handle switching events poorly. They can have convergence problems, 
and large computation times. Model reduction techniques used by designers make assumptions that 
although may be true for a sub-system, may be incorrect when connected into a system. A model 
reduction technique is proposed which develops a reduced state model with user specified resolution. 
The technique is to be computer generated to reduce design time. The reduced model is generated at 
the system level for accuracy. 
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Place ofBirth: 
B.S.: 
M.S.: 
Ph.D.: 
Status: 
Professional Interests: 
Vaibhav Donde 
July 17, 1977 
Thane (Maharashtra), India 
June 1998, V. J. T. I., UniversityofMumbai (Bombay), India 
October 2000, University of Illinois at Urbana-Champaign 
August 2004, University of Illinois at Urbana-Champaign 
Working in industry 
Power systems, nonlinear (hybrid) dynamical systems, control systems. 
Hybrid systems modeling, simulation and inverse problems with power system applications 
Vaibhav Donde with advisor I. A. Hiskens 
Supported by PSerc 
ABSTRACT 
Many dynamical systems including power systems have inherent interactions between continuous and 
discrete dynamical events. Switching devices such as tap changers, switched capacitors, static V AR 
compensators and circuit breakers induce discrete dynamics in power systems. Resulting nonlinear 
non-smooth dynamical behavior is studied in this work. Examples are drawn from power systems, 
power electronics and robotics. The research looks into inverse problems such as computing system 
parameters that just guarantee a given dynamic performance. This limiting behavior is a form of 
grazing (border-collision) bifurcation, and is formulated as a boundary value problem. Numerical 
shooting method is used for computation, using tools such as trajectory sensitivity and Poincare maps. 
An optimization algorithm is developed for finding grazing bifurcation value of the parameter vector, 
which is closest to a given parameter set. Another inverse problem of locating non-smooth limit 
cycles is also studied. 
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Date of Birth: 
Place of Birth: 
B.S.: 
M.S.: 
Status: 
Trishan Esram 
March 8, 1980 
Quatre Bomes, Mauritius 
June 2003, Northeastern University 
December 2004, University of Illinois at Urbana-Champaign 
Working towards Ph.D. at UIUC 
Professional Interests: Power Electronics. 
Maximum Power Point Tracking ofPhotovoltaic Arrays using 
Multiple Boost Converters and Ripple Correlation Control 
Trishan Esram with advisor P. L. Chapman 
Supported by the National Science Foundation 
ABSTRACT 
A photovoltaic array has a maximum power point, which varies with illumination and temperature. It 
has been shown before that the maximum power point can be dynamically tracked using ripple 
correlation control, which makes use of signal ripples inherent in power electronic converters. 
However, uneven shading of photovoltaic arrays connected in series leads to a significant decrease in 
the overall output power. We therefore investigate the use of ripple correlation control on individual 
arrays, using separate boost converters to deliver the total power to a common load. In this case, 
uneven shading and/or defective arrays only affect the output power of the converter to which they 
are connected, thus having less effect on the power at the load. 
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Michael Flowers 
Date ofBirth: July 29, 1980 
Place of Birth: Midwest City, Oklahoma 
B.S.: May 2002, University of Colorado at Boulder 
M.S.: May 2004, University of Illinois at Urbana-Champaign 
Status: Working in industry 
Professional Interests: Power electronics, control systems and computer engineering. 
Stator Design with Flex Circuit 
Michael Flowers with advisor P. Krein 
Supported by the Grainger CEME 
ABSTRACT 
Stator construction currently consists of winding copper wire around steel teeth inside a metal jacket. 
Since the copper wire can be wound differently from one motor to the next, this method leads to non-
repeatable results. There is also space lost between the wires (fill factor) because of the method used 
to wind the copper wires. This research analyzes the use of flex circuit as a-substitute for winding the 
copper wire. Using flex circuit, one can 'print' wire turns on a board and then affix this board to a 
metal jacket. This leads to repeatable layouts and repeatable magnetic fields and allows greater 
flexibility when designing the wire distribution of the stator. In this research we examine different 
layouts of the flex circuit and the results of each. 
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Date of Birth: 
Place of Birth: 
B.S.: 
M.S.: 
SangHa Gang 
January 31, 1980 
Kumi, South Korea 
May 2003, University of Illinois at Urbana-Champaign 
In Progress, University of Illinois at Urbana-Champaign 
Professional Interests:~ Power Systems Economics 
Evaluation of Transmission Line Capacity Impacts on Electricity Market Efficiency 
Sang Ha Gang with advisor George Gross 
ABTRACT 
One of the metrics used to measure the market performance and the impacts of congestion is 
a market efficiency loss, which is the reduction in the social welfare caused by congestion. As the 
market efficiency loss represents the monetary impacts of congestion in the system, these impacts 
depend on the capacity limit of a congested transmission line. Both small signal and large signal 
sensitivity analyses are used to identify the impacts of transmission line capacity on market efficiency 
loss. The objective ofthe small signal sensitivity analysis is to evaluate the influence of inaccuracies 
in information on markets. The large signal sensitivity analysis aims to identify appropriate 
candidates for transmission enhancements. Since the short-run economic signals of the analysis 
cannot be used in the investment problem, several assumptions are needed to make the large signal 
sensitivity applicable for the generation of long-run economic signals. 
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Xin Geng 
Date ofBirth: October 20, 1977 
Place ofBirth: Tianjin, P.R. China 
B.S.: July 2000, Tsinghua University, Beijing, P.R. China 
M.S.: October 2002, University of Illinois at Urbana-Champaign 
Status: Working towards Ph.D. at UIUC 
Professional Interests: Power Electronics, Control System, and Digital Signal Processing 
Enhanced Digital PWM Control Schemes For Future Power Conversion Applications 
Xin Geng with advisor P. T. Krein 
Supported by the Grainger CEME and by the 
Motorola-UIUC Center for Communications 
ABSTRACT 
Pulse width modulation (PWM) has been widely used in power electronics to improve output 
waveform fidelity while achieving high efficiency. Conventional PWM process is constructed on an 
analog basis. However, there is a growing body of work on digital controllers for PWM converters 
due to their low power consumption, immunity to analog component variations, and ability to 
interface with digital systems and to implement sophisticated control schemes. The applications of 
digital PWM control schemes include microprocessor voltage regulation modules (VRM's), high-
quality audio amplifiers, and portable electronic devices. 
The objective of this project is to develop flexible digital controllers for various types of power 
converters, especially embedded converter systems; to explore a general programmable approach to 
provide flexibility for implementation. It is also desired to develop methods to achieve full range 
operation requirements such as multiple outputs power conversion, protection, start-up, regulation, 
and stability. The general issues of digital control in de-de converters, including an evaluation of 
methods for transforming models into discrete time, additional work on digital control loops are being 
studied. 
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Place ofBirth: 
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Professional Interests: 
January 31, 1983 
Hinsdale, Illinois 
Brian H. Green 
December 2004, University of Illinois, Urbana-Champaign 
Working towards M.S.E.E. at UIUC 
Control of electric machinery. 
Advanced Electric Machine Controls 
Brian H. Green with advisor Peter W. Sauer 
Supported by the Grainger Endowments 
ABSTRACT 
This project is examining new approaches to induction machine control with a focus on traction 
drives. Initial investigation is considering the use of the de link current in a converter for a feedback 
signal. The controls will consider various objectives such as desired levels of torque, speed, and 
power while satisfying constraints such as supply current levels, flux levels, and temperature. These 
will all be examined and designed for tradeoffs in performance such as efficiency, time response, 
control effort, and harmonic effects such as torque pulsations and waveform distortion. 
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B.S.: 
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Power. 
Teoman Giiler 
November 14, 1976 
Samsun, Turkey 
July 1999, Bogazici University, Istanbul Turkey 
May 2001, Rensselaer Polytechnic Institute 
Electricity Market Monitoring and Mitigation, Market Behavior and Market 
Electricity Markets and System Reliability 
Teoman Gtiler with advisor Professor George Gross 
ABSTRACT 
In the restructured electricity systems, market forces induce system operators to drive the 
system to operate near or at the limits of operation"-! reliability. Under such conditions, the 
maintenance of system security is of paramount importance for ensuring effective and efficient 
market operations. The objective of this study is to exploit the impacts of the system security criteria 
on market operations. We analyze the extensive test results on various systems in terms of different 
criteria including costs, reliability performance and benefits. The work also assesses the additional 
opportunities for strategic behavior by sellers and the effects of spatially distributed generation 
reserves under different security criteria. We are also undertaking some analytical tool development 
to predict the impacts of changing the security criterion. 
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Benjamin Jason Hwang 
Date of Birth: October 10, 1982 
Place ofBirth: Chicago, IL, USA 
B.S.: August 2003, University of Illinois at Urbana-Champaign 
M.S.: August 2004, University of Illinois at Urbana-Champaign 
Status: Working in industry 
Professional Interests: Power systems. 
Dynamic Voltage .Collapse Studies in Power Systems 
Benjamin Hwang with advisor M. A. Pai 
Supported by the Grainger Endowments 
ABSTRACT 
Voltage stability is an issue of primary concern in the operation of power systems. Analytical tools 
are now available to study the impact of increased load on voltage collapse. In the event of a voltage 
collapse, different aspects can be studied to determine the source of the problem. The P-V curve is a 
basic tool to predict voltage collapse at the maximum loading of the system. The creation of a P-V 
curve entails a continuation power flow program that systematically computes the voltage at a bus or 
several buses as load increases by using a predictor-corrector algorithm along with the Newton power 
flow. Another aspect of voltage collapse is the study of bifurcation points. When a dynamic model 
is used there are several interesting bifurcation points on the P-V curve that are dependent on the 
eigenvalues of the system. We studied the emergence ofhopf, node-focus and saddle node bifurcation 
points on the P-V curve in this work. The theory is applied to a two-area, thirteen-bus system. 
We also propose to investigate corrective measures to prevent the onset of voltage collapse. 
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Trevor J. Krawcyk 
May 18, 1972 
Omaha, NE USA 
September 2000, Thomas Edison State University 
May 2004, The Citadel Military College of South Carolina 
Working towards M.S.E.E. at UIUC 
Power Systems Analysis and Machine Dynamics. 
Viability of Transmission Capability Gap 
Trevor J. Krawcyk with advisor P. W. Sauer 
Supported by Grainger Endowments 
ABSTRACT 
A new gauge of transmission system performance, called Transmission Capability Gap (TCG), has 
been recently introduced in power systems analysis software packages. TCG is a measure of 
transmission system load capability deficit, the "gap" between MW demand and MW capability of 
the transmission system. TCG is similar to Expected Unserved Energy (EUE), which is a measure of 
customer impact resulting from load interruption, but differs from EVE in that TCG is intended as a 
measure of composite system performance rather than a measure of customer impact only. This 
project investigates the viability of using TCG as a measure of transmission system performance. 
The TCG calculation is performed using a number of different power flow analysis software packages 
and the results are analyzed to note any discrepancies or problems with the calculation. Of note, is 
the tendency of computational algorithms to mask the true TCG that exists in a given power flow 
case, based upon functions of the location of electrical overload and generation capabilities. The 
second facet of this work is an attempt to minimize those errors by exploring alternative methods to 
dispatch generation when performing TCG analysis. 
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Alexis K wasinski 
December 12, 1970 
Buenos Aires, Argentina. 
February 1993, Buenos Aires Institute ofTechnology. 
Expected on May 2005. 
Working towards Ph.D. at UIUC 
Power Electronics, Electrical Energy Conversion and Storage. 
Three Phase Inverter Control Techniques 
Alexis K wasinski with advisor Philip Krein 
Supported by Grainger CEME 
ABSTRACT 
One of the main aspects related with inverters is the different output waveform generation and control 
strategies. The generation of the waveform involves two main processes: sampling and modulation. 
Two of the most important sampling processes are "Sine Triangle Pulse Width Modulation" and 
"Space Vector Pulse Width Modulation" (SV-PWM). Although there are some studies relating both 
methods there has not been established yet in a clear and concise way the relationship between them. 
So, the first step of the analysis has been to correlate clearly and in a direct way both control 
techniques. As a second step some 3-Dimentional schemes have also been developed in order to 
represent the vector space and the control trajectories obtained which, then, are reflected as the output 
power signal. These schemes are a highly visual graphical approach and serves as a basis for a quick 
analysis of the modulation process. This new approach has been used to determine a modulation 
scheme with low harmonic content in the high overmodulation regime. This method was used to 
design a low cost efficient and robust solution to drive electromechanical auxiliary loads in 42-V 
PowerNets automotive applications. The solution combines the inverter design with an induction 
motor adaptation with an integral perspective that achieves better results than the common worst-case 
design approach. 
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Framework for the Design and Analysis of the Financial Transmission Rights 
Minghai Liu with advisor George Gross 
Supported by the National Science Foundation project 0000577 and PSERC and CERTS 
ABSTRACT 
The capability to deal effectively with the uncertainty associated with locational marginal prices 
(LMPs) in congestion management schemes requires the development of appropriate financial tools. 
Financial Transmission Rights (FTR) are hedging tools that provide the holder reimbursement of the 
congestion charges in the day-ahead market and thereby provide transmission service customers with 
price certainty. We construct a framework for the design and analysis of the FTR by marrying finance 
theory notions with salient characteristics of electric power systems and electricity markets. The 
framework consists of three interconnected layers with one layer each to represent the models of the 
transmission network, the commodity markets and the FTR financial markets. The interaction 
between the layers is represented as information flows. The framework has sufficient scope to allow 
the analysis of a broad range of problems associated with ensuring price certainty for transmission 
services. The structural modularity of the framework provides the flexibility to analyze issues and 
design structures for the provision of transmission services in the competitive environment. We 
introduce a new notion of FTR payoff parity and a practical pricing scheme, which are used as the 
basis for the design of more liquid FTR markets. The application of the framework is further 
illustrated by the analysis of the conditions that guarantee the revenue adequacy for the FTR issuer. 
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Variable Frequency Transformers for Power Flow Control 
Shanshan Liu with advisor P. W. Sauer 
Supported by the Grainger Endowments 
. ABSTRACT 
Variable Frequency Transformers utilize an old concept of doubly-fed induction machines. At zero 
speed, they are simple phase-shifting transformers whose power transfer is determined by rotor 
position control. For asynchronous operation, the rotor speed allows smooth transfer of power 
between systems of different frequencies - thus the name Variable Frequency Transformer. This 
feature provides an opportunity to help power systems recover from faults which would otherwise 
cause loss of synchronism. This project is investigating the control capabilities of these devices for 
potential use in system stabilization. 
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Line Closure Impacts on Generator Dynamics 
Henry Louie with advisor P.W. Sauer 
Supported by the Grainger Endowments 
ABSTRACT 
The opening of a line breaker can result in a difference in phase angle across the breaker's poles. The 
closure of the breaker, under these conditions, causes the network currents to redistribute and could 
possibly induce damaging torques in the system generators. To mitigate this occurrence, the 
generation can be dispatched in a way such that the angle across the breaker is within a specified 
tolerance before breaker closure. This research studies the effects of breaker closure under large angle 
differences on the transient generator currents and dynamics. A complete understanding of these 
consequences will allow engineers to evaluate breaker angle closure tolerances with a higher degree 
of accuracy and possibly avoid unnecessary system changes. 
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Biomechanical Energy Harvesting with Electroactive Polymers 
Matthew Meinhart with advisor P. L. Chapman 
Supported by Office ofNaval Research 
ABSTRACT 
Electroactive Polymer (EAP) materials have demonstrated promise for electric power generation 
methods. EAPs' good environmental tolerance, long-term durability, and high energy density 
compared to other polymer materials make them attractive candidates for biomechanical energy 
harvesting applications. Successful harvesting of human energetic motion into a usable electrical 
source requires maximum possible conversion efficiency and that no additional work be imposed on 
the human generator. EAPs' excellent strain properties allow more energy to be stored in a 
deformation, and their light-weight, pliable features appeal to seamless integration into body attire. 
Experimental analysis of EAP power generation capabilities and appropriate methods of 
biomechanical energy conversion will be investigated. 
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Modeling and Control of De-de Converters with Linkages to Hybrid Control 
Joseph T. Mossoba with advisor Prof. Philip T. Krein 
Supported by the Power Mfiliates Program 
ABSTRACT 
Nonlinear systems such as switching de-de converters are often linearized for small signal analysis 
and linear controller design. Certain types of nonlinear control, especially the popular current-mode 
control method, can be analyzed as an additional linear feedback control loop. Current feedback, 
implemented through current-mode control, has some performance enhancements over conventional 
single-loop de-de converter control. This project focuses on sensorless current-mode control (SCM), 
an alternative approach that uses estimators in place of a sensed current signal. This approach 
provides a feedforward effect in a de-de converter, and offers most of the performance advantages of 
current-mode control without the limits of a current sensor. Design methodologies for SCM have 
been developed by deriving small signal SCM models. Recently published work presents simulation 
and experimental tests that validate the SCM model. Current research efforts are exploring the 
theoretical performance limits of de-de converters as switched systems. In addition to those 
theoretical contributions, experimental investigations are being conducted for fast dynamic control 
using SCM for tight regulation of low voltage high current de-de converters: 1 Volt at 80 Amps of 
load current such as for the latest computer microprocessors. Combinations of SCM and 
conventional peak current mode are being used to control parallel de-de converters in order to serve 
the high currents of these computer loads while meeting stringent dynamic regulation requirements. 
Professional Interests: Modeling and control of power electronics. 
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Fully Integrated CMOS DC-DC Converters 
Surya Musunuri with advisor Prof. Patrick L. Chapman 
Supported by the Grainger Center for Electric Machinery and Electromechanics 
ABSTRACT 
With the reduction of power consumption in most of the portable and consumer electronics, On-chip 
DC-DC power converters promise better performance than the off-chip converters. The basic idea of 
this project is to integrate various components of DC-DC converters onto a silicon chip. Optimal 
design of passives (inductors and capacitors) is important for realization of monolithic de-de 
converters. We have shown that a square spiral structure is the most optimal structure for 2-D 
inductors. These 2-D spiral structures can be realized on the top metal layer of any standard CMOS 
(Complementary Metal Oxide) process. But the quality factor of these inductors is 'low due to the 
series resistance of the spiral, substrate loss and parasitics. 
We investigate the use of a post-processing technique called Plastic Deformation and Magnetic 
Micrograph of an inductor assembled by PDMA 
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Assembly (PDMA) for building high-Q 
spiral inductors. In this process, we first 
fabricate the spiral metal structure on top of 
the circuitry and then use magnetic force to 
bend the spiral structure out of the plane, as 
shown in Figure below. This will reduce the 
chip area taken by inductor along with the 
loss and parasitics associated with the 
silicon substrate. We intend to demonstrate a 
boost converter by integrating a spiral 
inductor onto a silicon chip containing the 
rest of converter components, such as 
transistors and capacitors. 
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Harmonic Elimination 
Brett Nee with advisor P.L. Chapman 
Supported by the 
California Energy Commission 
Grainger Center for Electric Machinery and Electromechanics 
ABSTRACT 
Harmonic elimination is a reduced switching frequency control strategy for inverters or motor drives, 
which provides control over the harmonic content that appears at the load. The ability to control the 
load's harmonic content makes this control strategy a superior alternative to standard voltage-sourced 
inverter control. Research focuses on the mathematical problem formulation, solution evaluation, 
determining an optimal number of harmonics to control for a given application, and implementation. 
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Biomechanical Energy Conversion Technology 
Penglin Niu with advisor Patrick L. Chapman 
Supported by the Office ofNavy Research 
ABSTRACT 
Traditionally, mobile electronic devices have the problem of changing batteries or recharging 
batteries often. This is sometimes troublesome, especially for military field operations. One possible 
solution is to convert the wasted biomechanical energy, the human body movement energy to the 
useful electrical energy for the electronic devices. This will require both high efficiency and low 
physical influence on the human movement. In this research, we have evaluate actuation methods, 
including magnetic, piezoelectric, electrostatic, and electrical polymers for various motions in terms 
of energy, power, mass, and cost. We also discuss the practical issues associated with each, especially 
in terms of the power electronics required to connect the biomechanical sources to useful loads. 
Currently, we are working on building several energy conversion devices based on magnetic 
generator for the heel strike and swing motion. In the future research, we will find the best devices for 
the conversion of various type of human movement energy, and develop circuit designs to match to 
new electromechanical devices. Finally we will realize the hardware of the devices and its matching 
circuit. 
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Development of a First-Principles Based Design Methodology for Electromechanical Systems 
Tim O'Connell with advisor P.T. Krein 
Supported by the Grainger Endowments 
ABSTRACT 
Closed-form solutions for most machine design problems do not exist, but have potential value in 
design revisions for modern machines. Consider the polyphase induction machine. While 
modifications for machines have been developed to improve efficiency, avoid harmonics problems, 
reduce eddy currents and audible noise, etc., the basic squirrel cage structure remains at the heart of 
the majority of these machines. With present availability of inverters, advances in permanent magnet 
materials, process improvements, and the rise of low-cost precision manuf~cturing, it is timely to re-
examine machine design issues to find new opportunities. 
With the advancement of new symbolic software tools such as Mathematica, the door to many 
previously intractable problems has been opened. With these tools, it becomes plausible to consider 
machine design from its most basic viewpoint: which material should be used at any given point 
within a device to deliver results that meet some optimum criteria. It is in this spirit that this work 
aims tore-explore and further develop first-principles based design strategies for induction machines 
and other electromechanical systems as a useful means of gaining new insights that cannot be 
deduced from numerical simulations alone. Thus far, a Mathematica program capable of representing 
an arbitrary stator current distribution by an equivalent current sheet has been developed. This 
representation can then be used in Melcher's analytical solutions for layered electromechanical 
system geometries. These solutions have been implemented in Mathematica, and experimental data 
is being gathered from a custom-made linear induction motor to verify their accuracy. Upon 
verification of the model, it will be used to evaluate designs and to therefore develop a general 
machine optimization scheme. 
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Evaluation of Lithium-Ion Performance Under Equalization 
Grant Pitel with advisor Philip Krein 
Supported by the Grainger Endowments 
ABSTRACT 
Voltage equalization has been shown to increase the cycle life of lead acid batteries, yet little data is 
available applying equalization to newer rechargeable battery technologies such as Lithium Ion. 
Characterizing battery performance under equalization required designing a test bed that can reliably 
gather and store millions of data points during hundreds of battery cycles, conducted over several 
months. Custom software and hardware has been designed to gather and process data, email 
summary logs, and then send the results to a web server for backup and display. Battery packs 
configured to match those found in a typical laptop computer are currently under tests to examine the 
degree of cycle life extension. Thus far cell balancing has provided a 10% improvement in cycle life, 
a number that we hope will continue to rise until cycle tests reach completion. 
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Automated Generation of Nonlinear State Models for Magnetic Devices 
Liyan Qu with advisor Patrick L. Chapman 
ABSTRACT 
Models for magnetic devices have been presented in many ways. Once the non-linear magnetic 
characteristics and the effect of eddy current are considered in the models, complicated procedures 
and some measurement are usually required by analytical methods. Numerical methods have been 
used widely in the power electronics and electric machinery analysis and design, which hedge again 
the cost of the failing real component designs and avoid some parameter measurements. Finite 
element method is a well established numerical method, which is very suited to modeling the 
nonlinear materials and irregular geometry. Finite-element based models can be set up automatically 
given the geometrical data and the material information. However, time-domain finite-element based 
modeling is to be computationally expensive. This project deals with the automated generation of 
nonlinear state models for magnetic devices with the consideration of eddy current. A lower order 
model in state-s~ace fo~m is ·abstracted. from the nonlinear original system by applying efficient 
npnlinear model order reduction methods with the input and output behavior preserved and 
experimentally verified. The state-space model is readily to be coupled with the models of other 
components in the complete circuit or system. This method is valid for wide variety of magnetic 
devices. 
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Modeling of a Variable Frequency Transformer 
Brian Raczkowski with advisor Prof. Peter W. Sauer 
Supported by the Grainger Endowments 
ABSTRACT 
The analysis and simulation of a variable frequency transformer will be examined. This is a system 
that transfers power between a first electrical system and a second electrical system comprising of a 
rotary transformer containing a rotor with rotor windings and stator with stator windings. A 
discussion of determining rotor parameters for the machine is reviewed as well. The controls and 
drive system can adjust the angle and the speed of the rotary transformer to regulate power flow. A 
model of the system is developed and experiments are carried out on actual machines. 
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Generator Shaft Torques During Transients 
Sheila Ray with advisor P. W. Sauer 
Supported by the Grainger Endowments 
ABSTRACT 
This project is investigating the correlation between line openings and closures and resulting 
generator shaft torques. The application will be in security analysis where line reclosure can be 
limited by the angle across the open breaker. This work is investigating the relationship between this 
angle and the resulting torque that appears on generator shafts. Current industry standards are based 
on a generator current change of 0.6 per unit (more than this is unacceptable). The project is 
investigating the impact of line switching to see how this standard is related to the guideline that lines 
should not be reclosed when the angle across the open breaker exceeds a certain amount. 
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A Proposed Design for a Short-Term Resource Adequacy Program 
Pablo Ariel Ruiz with advisor George Gross 
Supported by Grainger Endowments and DOE 
ABSTRACT 
Short-term resource adequacy is the ability of the system to meet the load at all times over a short-
term horizon. A noticeable effect of the industry restructuring is the increased frequency of capacity 
deficiency problems arising in various jurisdictions. The severe disruptions during the California 
electricity crisis in 2000-2001 have brought the resource adequacy problem to prominence. Various 
resource adequacy programs have been implemented for reliability improvement purposes. A 
commonality of all these implementations is the lack of linkage between the economics and the 
reliability outcomes. In this research project, we have designed a short-term resource adequacy 
program. An appropriate "carrots and sticks" approach is used to provide an explicit linkage between 
the economics and the resulting reliability. The carrots are incentives for providing capacity to 
markets and the sticks are fines to penalize non-performance situations. We have shown that under 
some mild conditions, the proposed design ensures improved reliability. Such improvement is borne 
out in all simulations on various test systems under a broad range of different scenarios. 
Representative results are discussed. 
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North America Security Constrained Optimal Power Flow (SCOPF) Study 
David Savageau with advisor T. J. Overbye 
Supported by the Grainger Endowments 
ABSTRACT 
The initial goal this project is to establish a security constrained optimal power flow (SCOPF) model 
of the entire North American transmission system. The starting point for this project is the 
development of an integrated transmission system model that includes reasonably accurate cost 
information for all of the generators in the system (> 50 MW). Once a working model has been 
constructed, SCOPF studies will be run under a variety of different historical loading conditions .. 
dispatching the three major interconnects (Eastern, Western and ERCOT) as superareas. The purpose 
of this portion of the study is to benchmark the study results with results obtained from the actual 
grid, adjusting the model as necessary to duplicate (to a reasonable degree of accuracy) actual system 
results. The ultimate goal of this research is to use this model to study the impact of new 
transmission additions, such as the TransAmerica Grid Project (TAG). 
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Transmission Congestion Cost in the Restructured Electricity Market with Emphasis in New 
York Market 
Vilma Sierra with advisor George Gross 
ABSTRACT 
This project aims to identify the way congestion is measured in the restructured environment in the 
New York ISO market. Congestion is a problem of major impact on the economics of electricity 
markets and in NY it is of high importance due to the large costs associated with congestion impacts. 
The main effort will lie in the analysis of congestion data; congestion quantities and costs will be 
analyzed in detail and examined to establish possible patterns. The effects of mitigation of the 
NYISO's Transmission Congestion Contracts will be evaluated. 
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Examination of Relationships between Power System Steady-State Stability 
and the Load-Flow Jacobian 
Jeremiah Smith with advisor P.W. Sauer 
ABSTRACT 
Standard load-flow models are normally used to find system voltages for specific levels of loading, as 
well as providing the initial conditions when doing dynamic analysis. The relationship between the 
load-flow Jacobian and the system dynamic state Jacobian will be examined. By manipulating the 
two-axis machine model, the ·goal is to understand the relationships between eigenvalues of the load-
flow Jacobian and eigenvalues of the dynamic state matrix. Cases will be documented to illustrate the 
relationships. 
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Perturbation Methods Applied to Motor Control 
Zakdy Sorchini with advisor Philip T. Krein 
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ABSTRACT 
This project deals with dynamic performance improvement of motor drives under certain operating 
regimes and for particular machine characteristics. In particular, perturbation methods and correction 
factors are explored to improve performance for low speed or high speed operating conditions. Also, 
the impact of parameters related to machine design, such as leakage inductance, is explored. 
Currently, the singular perturbation method (SPM) has been successfully used to derive a controller 
for induction machines, which is related to field oriented control (FOC) and feedback linearization 
methods. A by-product of the SPM controller analysis is an alternative derivation of direct torque 
control {DTC) which agrees with one of the mathematical derivations in the literature, but provides 
more insight by closely relating controller performance to machine characteristics. Because this 
derivation does not use space vector concepts, it is shown that the traditional link between DTC and 
space vectors is not a fundamental one. 
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Electric Power System Visualization 
Y an Sun with advisor T. J. Over bye 
Supported by Grainger Endowments and PSERC 
ABSTRACT 
As the electricity industry becomes increasingly competitive, knowledge concerning the capacity and 
constraints of the electric system will become a commodity of great value. Electricity markets can be 
fast changing; understanding the implications of these changes before others can give an important 
competitive advantage. The goal of this project is to develop innovative methods to assist players in 
the electricity industry to extract and visualize this knowledge from the large set of power system 
data. The project is exploring the use of techniques for knowledge extraction utilizing two-
dimensional displays, as well as the use of an interactive three-dimensional environment. 
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A Comparison of the Optimal Multiplier in Polar and Rectangular Coordinates 
Zeb Tate with Advisor T. Overbye 
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ABSTRACT 
Studies of the optimal multiplier (or optimal step size) modification to the standard Newton-Raphson 
load flow have mainly focused on highly stressed and unsolvable systems. This paper extends these 
previous studies by comparing performance of the Newton-Raphson load flow with and without 
optimal multipliers for a variety of unstressed, stressed, and unsolvable systems. Also, the impact of 
coordinate system choice in representing the voltage phasor at each bus is considered. In total, four 
solution methods are compared: the Newton-Raphson algorithm with and without optimal multipliers 
using polar and rectangular coordinates. This comparison is carried out by combining analysis of the 
optimal multiplier technique with empirical results for 2 bus, 118 bus, and 10,274 bus test cases. 
, -
These results indicate that the polar Newton-Raphson load flow with optimal multipliers is the best 
method of solution for both solvable and unsolvable cases. 
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Mitigation of Power System Collapse through Active Dynamic Buffers 
. Wayne Weaver with advisor P.T. Krein 
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ABSTRACT 
Power electronics continues to grow as an element of electrical loads. Most such loads, including 
motor drives, computer power supplies, and compact fluorescent lighting, serve to "isolate" the load 
dynamics from the utility grid. The unfortunate effect is that these loads enforce local constant power 
behavior. This tends to destabilize the supply system, resulting in voltage collapse. In this work, the 
power buffering technique is examined to mitigate the effects of constant power loads. A power 
buffer is a device that enforces dynamic isolation to bestow beneficial dynamic characteristics upon 
the grid. Through simulations, and experimentation the generalized power buffer concept has been 
shown to stabilize a variety of power systems. Various techniques and topologies for power buffers 
are studied and related to the voltage collapse problem, including critical control methods and 
parameters on a local scale, and in a large.distributed power system. 
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Generalized Selective Harmonic Control 
Jason Wells with advisor P. L. Chapman 
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ABSTRACT 
Pulse width modulation (PWM) techniques have been widely researched for more than 40 years. 
Researchers have identified a variety of switching methods suitable for dc-ac power conversion 
including voltage source inversion (VSI), natural PWM, uniform PWM, space vector PWM, 
programmed PWM, selective harmonic control (SHC) and direct modulation. Although much of this 
work is well established, modulation techniques are still an active area of research with ongoing 
developments in both theory and implementation. As new techniques ·are developed and the 
technology landscape evolves, it is particularly important to evaluate them in the context of 
established theory and to revisit statements of common wisdom. This work extends the theoretical 
framework of SHC and considers how these extensions, combined with advances in digital 
controllers, impact the broader topic of dc-ac inversion. · 
This work expands the mathematical theory of SHC by relaxing unnecessary constraints on the 
switching patterns that are implied in the traditional problem formulation. _This generalization results 
in expansion of the solution space from a discrete set to a collection of continuous sets as described 
later in this document. The work continues by elucidating the nature of the solution space of this 
expanded problem. Specifically, it will establish why previous claims of techniques to obtain 
complete solution sets were incorrect in some senses but still useful in solving the generalized 
problem. If possible, a bound on the number of discrete solution sets will be established through 
analysis of the resulting system of polynomial equations. Ultimately, the expanded solution space 
will be analyzed for optimality similarly to previous work based on the traditional formulation. 
Additionally, the project will examine two practical issues, acoustic signature and real-time 
implementation, which arise in the utilization of SHC in power electronic drives. Acoustic 
performance will be measured across the solution space to determine if there are discernible 
differences in sound intensity. The project will then examine real-time implementation issues of the 
expanded SHC problem. Particularly, this more general framework makes evident a connection 
between SHC and natural PWM methods. An approximation to SHC solutions can thus be obtained 
in real-time by proposing an appropriate frequency modulated carrier function to perform natural 
PWM. 
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Generator Shaft Torques During Transients 
Becky Westendorf with advisor P.W. Sauer 
Supported by the Grainger Endowments 
ABSTRACT 
This project is investigating the correlation between line openings and closures and resulting 
generator shaft torques. The application will be in security analysis where line reclosure can be 
limited by the angle across the open breaker. This work is investigating the relationship between this 
angle and the resulting torque that appears on generator shafts. Current industry standards are based 
on a generator current change of 0.6 per unit (more than this is unacceptable). The project is 
investigating the impact of line switching to see how this standard is related to the guideline that lines 
should not be reclosed when the angle across the open breaker exceeds a certain amount. 
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Post-conti.ngency Equilibrium Analysis of Power Systems 
Rodney Y eu with advisor P. Sauer 
Supported by Grainger Endowments 
ABSTRACT 
This research is investigating alternative methods to compute the equilibrium condition immediately 
following a disturbance to an electric power system. The first uses the brute force method of simply 
integrating the dynamic model until it reaches steady state. The second uses the straightforward 
analytical choice of setting all time derivative of the dynamic model to zero and solving the 
remaining algebraic equations for the equilibrium values of the dynamic states. This method requires 
the creation of new commercial software to solve the large-scale network algebraic equations 
simultaneously with the dynamic equilibrium equations. The third uses a method that takes advantage 
of existing commercial load flow software to perform the major portion of the solutions process. 
These load flow solutions then iterate with the de-coupled algebraic equations for each generator. 
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Investigation into Simplified Vector Controller of 
Induction Machines 
Guoliang Zhang with advisor P.T. Krein 
Grainger Center for Electric Machinery and Electromechanics 
ABSTRACT 
The project is to investigate the feasibility of a simplified vector controller for induction motors based 
on torque angle. A constant torque angle scheme is equivalent to constant slip control during the 
steady state. In such a mode, an induction motor can be operated at maximum efficiency, maximum 
power factor or maximum torque per ampere mode. Torque angle control is simpler than control of 
slip because it eliminates the need for exact knowledge of rotor time constant and maps the slip ·from 
a wide speed range into a limited angle range of 0 to 90 degrees. 
At this stage, theoretical analysis has been carried out and simulation studies have been performed. It 
is predicted that under constant torque angle control with a proper start up scheme, an induction 
motor can achieve similar or better steady state performance as field oriented control in senses of 
efficiency and power factor. The dynamic response could be close to that of other vector control 
schemes. Constant torque angle needs only rotor resistance as the parameter input to the control 
system and can be carried out without a speed sensor. 
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7. LABORATORY FACILITIES 
· The Power Area has assembled some of the nation's finest facilities for experimental and 
computer-based research and teaching. Both undergraduate and graduate students can take advantage 
of these facilities. These laboratories have generated wide interest. 
The Grainger Power Engineering Software Laboratory is located near the office areas on 
the third floor of Everitt Laboratory. The Laboratory has eleven advanced personal computers. All 
stations are connected to the campus network and Internet. 
A major objective of the laboratory is to develop an extensive library of commercial software 
and large-scale databases for power area applications. Software is based on Windows XP. Some of 
the commercial software packages currently in use include: 
Mathematica (an advanced symbolic mathematics package) 
Matlab and Simulink 
Mathe ad 
PSS/E (Power Technologies Inc. Software Package) 
RISKSYM (Henwood package for energy market analysis) 
Power World 
Power System Tool Box (PST Version 2.0) 
Dymola (general-purpose simulation environment with hierarchy) 
acslXtreme (general-purpose simulation environment) 
ANSYS (finite element modeling) 
Ansoft Maxwell and RMxprt (finite element modeling specific to electromagnetics) 
The software library is being expanded continually. 
The Grain~er Electrical Machinery Laboratory is located on the ground floor of Everitt 
Laboratory. This facility is primarily for undergraduate teaching, and is used for ECE 431, ECE 469, 
many ECE 445 projects, and student projects including the Future Energy Challenge. Ten self-
contained machinery workstations are available. Each has an integral horsepower machine set with 
servo control, digital wattmeters, oscilloscope, optical tachometer, torque sensor, and electronic 
support instruments, used to study induction, synchronous, and de machines. Small portable machine 
sets are used to introduce stepper motors and brushless de machines. Transformers, resistor units, 
capacitors, SCR circuits, small electronic and power FET units are provided in support of the full 
range of experiments in all aspects of power. The facility has a dedicated 225 kVA three-phase 
supply and a 50 k W de rectifier bank. 
The Advanced Power Applications Laboratory is adjacent to the Grainger Electrical 
Machinery Laboratory. This laboratory serves as a general research facility for all hardware aspects 
of power electronics, machines, and power systems. The laboratory shares motor test sets with th~ 
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Machinery Lab, with an additional precision dynamometer for more advanced studies. Additional 
equipment is available for the study of harmonic effects, high-performance switching converters, and 
digitally controlled drives. Computers are available throughout the laboratory for automation of 
experiments using LabView, Matlab, or Visual Basic. Additional laboratory space is available on the 
third floor of Everitt and in the basement of the Coordinated Science Laboratory for low-power 
experiments. 
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